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(54) PROPYLENE COPOLYMER AND PROCESS FOR THE PRODUCTION THEREOF 



(57) Disclosed are propylene copolymers produced 
by the aid of a specific metaiiocene catalyst system, 
wherein a percentage of mis-insertion in the copolymer 
is highly controlled and the copolymers possess heat- 
resisting property and a high melt strength and a low 
MFR and are narrow in molecular weight distribution 
excellent in particulate properties as well as a process 
for producing the copolymers possessing high steroreg- 
ularity at a practical polymerization temperature. The 
gist of tfie present invention resides in production of pro- 
pylene copolymers wherein copolymerizaton* with a.o- 
diene is carried out by the aid of a supported-type cata- 
lyst system conprised predominantly of the following 
compound (A). (B). (C) and (D) at a temperature above 
45'»C: 

the corrpound (A): a specific metaiiocene com- 
pound represented by 

Q (C5H4.mR'm) {C^B^^ MXY, 

the compound (B): an aluminoxane, 

the compound (C): an organoaluminum compound. 

arxj 

the compound (D): a particulate canier. 



An important feature of the propylene copolymers of the 
present invention resides in the fact that the copolymers 
are highly stereoregular and have a ratio of a mis- 
inserted unit based on 2, 1 -insertion of propylene mono- 
mer in the total propylene insertion being defined ¥irithin 
a specific range. 
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JH^^ - fif*"* '^^^^ *° propylene copolymers and a process for producing same More oarticulariv 

the present .nvenfon relates to propylene copolymers produced by the aid of a sp«ific mSiS cSlXS^lJ " 
where^i a percentage Of mis-inserton in the copolymers is highly c^^^^ 
property andah.gh melt strength andalowMFRandarenarro,. in molecular weigWdS^ 

Background Aft 

and chem.cals-res.stence and are very useful in t«lance to an economic aspect so that they are employed in^w 
of vanousmrtdings. From the past, these olefin polymers or copolymers w 
.z.ng Olefins by the ad of a so-called Ziegler-Natta catalyst which is a combinLn of a SSSTiS ^S^^ 

^ 1™. ^'^^l^- °" *e other hand, a process for producing olefin polymers or copolymers by polymerizing 
or copolymenzing olefins by the aid of a new catalyst different from the conventional catal^Ie^lS bS^S 
out. the new catalyst being comprised of a metallocene and an aluminoxane. Olefin ^^T^^^o,^ 

andby the Itot that in case of copolymers, the comonomer has homogeneously been copolymerized therein so thSole^ 
l^SSSr^""^""?' ►homogeneous than the convent^ o^^^!S^^TcZ^1^ 

"^'^^'^ °» metallocSecafalysts aWSTrS 
mers obtained by way of a conventional catalyst astern. ««»o>capoiy 
SI^L ^ ^ enhancing mett strength and elevating crystallizing tertperature of polypropylene there are 
^^n^T^'^'T'^''"'' ^^''^ *^ ^" "9^""^ peroxkle and a crossliSSSjZ^S 
^ji^l^.^^ ^'"^^ ^° ^ '■^"^ Patent Appin. No. ShTS^ 

1 ffi754), a proc«s wherein a 6emi<rystalBne polypropylene is reacted with a low decomposition temperature oero^e 

35 [0005] ^ means for enhancing meft strength and melt viscoelasticity there are oroDosed a con^^ 

ducing such composition according to a multi-st^e polymerization Kww«*iorpro- 
£SS«.i'SL^*l!'!?"*. * P""** P^rts by weight of ordinary polypropylene is 

EJ^Sc n!?!! T'"***^"^®'*^^ 210-C (Japanese PatemPubln. No.Sho. 61-28694). an extruded sheet 

oomp^ng two drfferent polypropylene components of a limiting viscosity ratio of at least 2 obtained aSSnt to JS 
multi-stage polymenzation method (Japanese Patent PuWa No Hei. 1-12770). a process tor produSng^2S«^ 

po^menzaton method (Japanese Patent Publn. No. Sha 62-61057). a process for produdng pdyethvlenew^ 
Ultra-high mrtecular weight polyethylene having at least a limiting visco^ of 20 dl/gTSJ!»^2S 0 0^^^ 

r^SSSZotS «"«^ aP-^^fo^Prcxlucing polyethylene wherein ultra^^^S^ 

ular we^ polyetivlene having a kmrtmg viscosity of at least 1 5 dl/g is polymerized by 0. 1 -5% by weight acSdina to 
JSrtS! polymerization vessels of a specific coriliguration ly t^el STShS 

artv« ttannim catal^ component sitjected to a preliminary polymerization treatmem with l-biene or "niiS i . 
perrtene (Japanese Patent PuWn. No. Hei. 7-8890). « • w ■*-mmnyi i 

SS'S iho 1^°^ ^ pnduano polypropylene of high melt strength by polymerization of propyl- 

^n^, ,„H T polymerization catalyst derived from a supported-type titanium-axrtaining soli?<Sst 

c«2»r«nta^ an organoa uminum compoi«J catalyst component subjected to a preliminary polymerSwoS 
ment wrth ethylene and a polyene (Japanese Uid-open Patem Appln. No. Hei. 5-222122) and apm^^^^rZ, 
ahnear low densrty polyethylene (LUJPE) of high melt strength by the aid ofapreliminaryp^^ 
taining polyethylene ofalimitingvisa^ity of at least 20 dl/gobtanedbyasi^^^^ 
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lirrunary polymerization wHh ethylene aione (Japanese Laidopen Patent Appln. Na Hei. 4-55410). 
[0008] As an attempt to enhance melt tension in case of using the metallocene catalyst system, there are proposed 
a process wherein a catalyst comprising a silica support containing 1 .0% by weight of water, a metallocene. a methyl- 
aluminoDcane and triisobutylaluminum is used (Japanese laid-open Patent Appln. No, Hei. 5-140224) . a process 

£ wherein two kinds of metallocene compounds are used as catalyst component (Japanese Laid-open Patent Appln. No. 
Hei. 5-255436, 5-255437. and Japanese Laid-open Patent Appln. No. Hei. 6-206939) and a process wherein montmo^ 
rillonite is used in the metallocene catalyst system (Japanese Laid-open Patent Appln. No. Hei. 7-188336). 
[0009] In these various compositions or a process for producing thereof, however, enhancement of melt strength to 
a certain degree may be recognized under the measurement condition of polydefins at igC'C. nevertheless problems 

10 stiii remain In enhancement of melt strength under the use condition above 200*'C. remaining of odor due to a aosslinK- 
ing assistant enhancement of physical properties other than melt strength such as heat-resisting property and crystal- 
lizing temperature. 

[0010] In case of using nrietallocene catalyst system, the processes proposed atxjve may be effective to enhance 
melt tension to a certain degree under the measurement condition of poiyolefin at 190**C, but are not sufficient to 
75 enhance melt tension at higher tenrperature, fa example, under use condition above 200*0 so that enhancement of 
melt strength is continuously desired. 

[0011] In recent years, examples of copolymers of a non-conjugated diene and propylene or the like is reported 
which is polymerized by the aid of a metallocene catalyst, for example, in Japanese Laid-open Patent Appln. Nos. Hei. 
5-222251 and Hei. 5-222121. In Examples of these publications, however, there is nowhere given the case of using 
20 metallocene catalysts, it cannot but be anticipated therefore that propylene copolymers obtained by copolymerizing 
propylene at a practical polymerization temperature above 45*'C by the aki of a metallocene catalyst are low in stere- 
oregularity and not satisfactory in molecular weight in addition to insufficient melt strength so that the copolymers are 
unable to be used practically 

[0012] In Japanese Laid-open Patent Appln. No. Hei. 7-138327. there is reported an example for copolymerization 
25 Of propylene and an a.fiKJiene. In this case, however, the polymerization temperature is lower than 45**C at wNch a 
practical polymerization is carried out and the molecular weight of the resultant copolymer is extremely low. What is 
. more, since the catalyst is not can-ied on a support, mass production of copolymers in a practical process may be diffi- 
cult. 

[0O1 3] In Japanese LakjK>pen Patent Appln. No. Hei. 8-9231 7. too, there is reported an exanple of copdymerza- 
30 tion tor propylene and a polyene. However, the polymerization temperature is lower than 45°C which is a practk»l 
polymerizatton temperature. Further, stereoregularity of the resultant copolymer is at any rate high at a polymerization 
of 25*'C shown in Examples but lower at a polymerization temperature above 45**C. During insertion of the total propyl- 
ene, a ratio of a mis-inserted unit based on 2,1 -insertion of propylene monomer is greater than 1.0% so that it cannot 
be sakj ttiat control of high stereoregularity is made. Moreover, the catalyst system is not canied on a support so that 
35 mass production of the copolyrner is impossible in a practical process. 

[0014] This piislication nowhere gives any description or suggestion on heat- resisting property of a copolymer of 
propylene or the like olefin with an a.G>-diene copolymerized by the akJ of a metallocene catalyst system. 
[0015] Accordingly, it is an object of the present invention to provide propylene copolymers possessing a narrow 
molecular weight distribution, high melt strength, heat-resisting property, a low MFR and excellent in particulate prop- 
<o erties wherein the percentage of mis-insertion in the copolymer is highly controlled as well as a process for producing 
the copolymers wherein high stereoregularity is maintained even at a practical polymerization tenperature. 

Disclosure of the Inventjon 

45 [0016] The present invention has been proposed to achieve the aforesaid object and has an important feature in 
copolymerizatton of propylene with a small amount of an a.a)-diene by the aid of a specific catalyst system. 
[0017] Aocortfing to the present invention, there is provided propylene copolymers comprised predominantly of a 
copolymer of propylene and an ouoKfiene and having a melting point of 147-160*»C. a ratio of a mis-inserted unit based 
on 2,1 -insertion of propylene monomer In the total propylene insertion being 0.05-1.0%. a content of the a.aKliene 

so being 0.01-2% by weight, and an Mw/Mn being 1 .5-3.8. 

[0018] According to the present invention, there is also provided the aforesaid propylene copolymers wherein a 
melting point is 152-160*C. 

[001 9] According to the present inventton, there is further provided propylene copolymers comprised predominantly 
of a ia ndom copolymer of propylene and 0.1-15% by weight of ethylene and/or an a-olefin having at least 4 cartwn 
55 atonf« and having melting point of 100-160"C. a ratio of a mis-inserted unit based on 2.1-insertion of propylene mono- 
mer in the total propylene insertion being 0.05-1.0%. a content of an a.fiHiiene being 0.01-2% by weight and an 
Mw/Mn being 1 .5-3.8. which has been obtained by conducting copolymerization of propylene and ethylene and/or an 
a-olefin having at least 4 cartnn atoms. 
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[00201.. . Acxxtfding to the present invention, there is sHIl fiiilher provided Propylene-based block copolymers having 
a cabo ofa ims-mserted unit based on 2.lHnsertlon of propylene monomer in the total propylene insertion being 0 
1.0% and a content of an a.<«liene being 0.01-2% by weight, which are coirprised of a propylene homopolymer or a 
prcpylenerandom copolymer containing 0.1 -15% by weight of ethylene and/or an a-olefin with at least 4 carbon atone 
as a first stegepobfltierization product, and a propylene random copolymer as a rubbery conponent containing 30-80% 
by weight of ethylene andA>r an a-olefin with at least 4 carbon atoms as a successive second stage polymerization 
product J proportion of the second stage polymerization product being 5-70% by weight, and an a.«Hliene having 
been random copdymerized at the first stage and/a the second stage polymerization 

100211 Aocoiding to the present invention, there is sb'll further provided the aforesaid propylene copolymers wherein 
an a-olefm s at least one selected from the group consisting of 1 -butene. 1 -hexene and l -octene 
[0022] Accoitiingtothepresentim^ention.thereisstillfurtherprovidedthealbresaidpropylenecopolymerBwh^ 
f^;*r^'*"® ^ consisting of 1.5-hexadiene. 1.7-octadiene and 1.»decadiene 

I0023I Accoidingtothepreseminvention.thereissbnfurtherprovidedlheafDresaidpropylenecopolymersw^^ 
the a,<iHiiene e LMecadiene. 

W024] Accoiding to the present invention, there is still further provided the aforesaid propylene copolymers wherein 
the content of the a.oKjiene is from 0.01% by weight to 0.05% by weight. 

10025] According to the present invention, there is provided a process for ptvxlueing the propylene copolymers at a 
r**!!^?!^* by the aid of a catalyst system comprised predominantly of the following compounds (A). (B) 
(C) and (D): the compound (A) being a transition metal compound of the general fonmila: 

Q {C5H4.„Rl J {C5H4.„R2J MXY [,] 

wherein (CsJVmRU and {C^„P?^ each stand for a substituted cydopentadienyi groip, m arxJ n each stands for 
an integer of 1-3. and may be the same or different and each stands for a hydrocarbon group with 1-20 cartxx, 
atoms, a silicon-containing hydrocarbon group, with the proviso that the site and kind of R^ and on the cydopenta- 
dienyi nngs should take a configuration where any symmetrical plane containing M is absent and that R^ or r2 is exist- 
ert in at lea« one carbon atom adjacent to the carbon atom connected to Q in at least one cydopentadienyi ring Q 
stands for a bivalent hydrocaiton radical. unstAstituted silylene radical or a hydrocarbon-substituted silylene radical 
bndgng ttie groups (C5H4.„RU and (CgH^-nR^n). M stands fa a transition metal Ti. Zr or Hf. and X and Y may be the 
same or different and each stands for a hydrogen sHom, a halogen atom or a hydrocarbon group. 

the compound (B) being an aluminoxane. 
the comipound (C) being an organoaluminum compound, and 
the oonpound (D) being a finely particulate carrier. 

[0026] According to the present invention, there is stall further provided a process for produdng the aforesaid pro- 
^ compound (A) is dimelhylsilylene(2.3.5-trimethylcyclopentadienyl)(2 .4'.5'.trimethylcy- 
SSSSSSSloriSr*"^ " dimethylsilylene(2.3.5-timethyk:ydopentadienyl)(2\4\54rimethylcy^ 

40 [0027] According to the presem invention, there is Stall further provided a pnxess lor produdrn the alore^ 
pylene copolymers wherein the copolymers are produced by a vapor phase polymerization piocess. 

Brief DascrioKnn nl tf^a Pnrr"B 
4S [0028] 

Fig. 1 «aftow sheet showingaprocessforprodudngpropyleneoopolymeisofthe present invention. 
A Best Embodlmant for eair vino out thn Inverrtion 

so 

^^L^oJ^ "^"^y^"^ ^ ^« P^^"* in^ntion resides in propylene copolymers polymerized at a tenY>erature 
above 45 C by the aid of a supported-type catalyst system using a specific metallocene compound 
[003« Propylene copolymers obtained according to this process are the copolymers of high stereoreguiarity having 
55 t^eir"" '^''"^^ ^"""^ "^""^ using SonventionXataT^^^^^ 

f^L«IIic!!S^ ^^^'^ "^^ P'^^"* predominantly of the foll«.- 

ing compounds (A). (B). (C) and (D): the compound (A) being a transition metal conpound of the general formula: 



w 
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- . Q (C5H4.„R^ J (C5H4.„R2 J MXY 

wherein (C5H4.^R^ J and {C^H^^^R^^ each stand for a sulDStltuted cydopertadlenyl groi^j. m and n each stands for 
an integer of 1-3, and R^ may be the same or different and each stands for a hydrocart)on group v«th 1-20 cartxwi 

5 atoms, a silicon-containing hydrocart)on group, with the proviso that the site and kind of R^ and R^ on the cyclopenta- 
dienyl rings should take a configuration where any symmetrical plane containing M is absent and that R^ or R^ is exist- 
ent in at least one caxton atom adjacent to the cartx)n atom connected to Q in at least one cydopentadienyl ring. Q 
stands for a bivalent hydrocarbon radical, unsubstituted siiylene radical or a hydrocartx)n-sut>stituted silylene radical 
bridging the groups (C5H4.^R^ J and {OsH^^H^^, M stands for a transition metal Ti. 2r or Hf, and X and Y may be the 

10 same or different and each stands for a hydrogen atom, a halogen atom or a hydrocarbon group, 

the compound (B) being an aluminoxane. 

the compound (C) being an organoaluminum compound, and 

the compound (D) being a finely particulate can-ier. 

75 

[0032] The propylene polymers a copolymers of the present invention obtained t>y the aid of the carrier type cata- 
lyst system at a temperature above 45<'C are defined as given in the following factors (1)-(3) : 

(1) Propylene copolymers comprised predominantly of propylene and an a.aKjiene having a melting point of 147- 
20 1 60*»C. preferably 1 52-1 60*^0, a ratio of a mis-inserted unit based on 2. 1 -insertion of propylene monomer in the total 

propylene insertion being 0.05-1,0%. a content of the ct.cs)-diene being 0.01 -2% by weight and an Mw/Mn being 1 5- 
3.8. 

(2) Propylene copolymers comprised predominantly of a random copolymer of propylene and 0,1-15% by weight of 
ethylene and/or an o-olefin having at least 4 carbon atoms and having melting point of 100-160*»C. a ratio of a mis- 

25 inserted unit based on 2. 1 -insertion of propylene monomer in the total propylene insertion being 0,05-1 .0%. a con- 
tent of an ouohdiene being 0.01-2% by weight, and an Mw/Mn being 1 .5-3.8. which has been obtained by conduct- 
ing copolymerization of propylene and ethylene and/or an a-defin having at least 4 carbon atoms. 

(3) Propylene-based block copolymers having a ratio of a mis-inserted unit based on 2.1 -insertion of propylene 
monomer in the total propylene insertion being 0.05-1.0%, and a content of an a,aKJiene being 0.01-2% by weight, 

30 which are comprised of a propylene homopolymer or a propylene random copolymer containing 0.1-15% by weight 
of ethylene and/or an a-olef in with at least 4 cartx>n atoms as a first stage polymerization product, and a propylene 
random copolymer as a rubbery conrponent containing 30-80% by weight of ethylene and/or an a-olefin with at 
least 4 cartx)n atoms as a successive second stage polymerization product, a proportion of tiie second stage 
polymerization product being 5-70% by weight, and an a.a>-diene having been random copolymerlzed at the first 

35 . Stage and/orttie second Stage polymerization. 

[00331 Any of the diene compounds having a vinyl bond at at least aiX)Sition and ©-position can be used as tiie 
a,GKliene compound used in ttie present invention, which may have a linear chain sti-ucture or a branched chain struc- 
ture and may contain a hetero atom such as an oxygen atom, a sulfur atom or a boron atom, or a hetero atomic group. 

40 illustrative of ttie a.eKJiene compound are, for example, 1 ,3-butadiene, 1 .4-pentadiene. i .5-hexadiene. 1 ,6-heptadiene, 
1,7-octadiene. 1,8-nonadiene. 1 ,9-decadiene. 1.10-undecadiene, l,ii-dodecadiene, 1,13 tetradecadiene, and divinyl- 
benzene. Preferable are 1. 5-hexadiene. 1,7-octadiene. and 1 ,9-decadlene, and more preferable is 1.9-decadiene. A 
content of the a.co-diene is preferably 0.01-0.1% by weight If tfie content is excessive, a gel portton will be formed thus 
resulting in inconvenience such as recycling by re-meWng t>eing difficult. 

45 [0034] Examples of the a-olefin uiilizable for the present invention include, for example. 1-butene, 1-hexene. 2- 
octene. 1-decene, 4-methyl-l-pentene and styrene. Among them, 1-butene is especially preferable. 
[0035] No limitation exists in the process for producing the propylene copolymers (1 H3) of the present invention so 
far as the process satisfies the aforesaid factors. The propylene copolymers can. however, be produced preferably by 
can^ying out tiie polymerization at a temperature above 45<*C by tiie aid of the supported-type catalyst system. 

so [0036] Examples of the compound (A) in the supported-type catalyst system indude any of tiie conpounds 
involved in ttie above definition. Illustiative of tiie compound (A) are. for example. dimethylsilylene{2.3.5-frimetttylcy- 
clopentadienyO(2',4\5-trimetiTylcydopentadlenyl)titanium dichloride. dimethylsilylene(2,3.5-frimetiiylcyciopentadi- 
enyl){2'.4\5'-tiimetiiylcydopentadienyl)zirconium dichtoride. dimethylsilylene(2.3,5-trimetiiylcydopentajieny1)(2\4\5'- 
trimelhylcydopentadienyl)zira)nium dimetfiyl. dimethylsilylene(2.3.5-trimettiylcyclopentadienyl){2'.4\5-t'imettiytcy- 

55 dopentadienyOhafnium dichloride dimettTylsilylene(2.3.5-tiimettiylcydopentadienyi){2'.4\5-trimettTylcydopentadi- 
enyOhafnium dimethyl. dimethylsilylene-bis(2-metiiyM-phenylindenyl)zirconium dichloride. dimethylsilylene-bis(2- 
ettTyl-4-phenylindenyf)zirconium dichloride. eto. Espedally preferable is dimethylsilylene{2.3,5-trimetiiylcydopentadi- 
enyi)(2*,4'.5*-trimethylcyclopentadienyl)zirconium dichloride. 
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Kt] ^^ ^""^"^ means an organoaluminum oonpound of the follow^jng geneial for- 



R^jAI - (OAI), - OAIRSj 

I, [1] 



10 



R3 



L r K ^-T .^ ^ hydrocarbon group with 1-6. prefe^y 1-4 cartjon atoms; more particularly, an alkyl 
group such as methyl, ethyl, propyl, butyl. Isobutyl. penlyl or hexyl group: an alkenyl ^ such as allyl 2-memy)a M 
propenyl. .sopropenyl. a-methyl-l^xopenyl or butenyl yo^; a cycloalkyi group ^udT as ^do«op; 3S* 
q^ntyl or cydohecyl group: and an aryl group. Among these groups, an alkyl group is especiaJly preferable Each 
of^ groups may bethesameordiflerent. The notationqslandsforanir«egerof4-l).^^^ 



20 8-30 



I!S.ioH„^ ^"^-"^f '"."^^ **" *^ P'^** in any of the known methods under various conditions. More 
partojlariy, the folkMnng methods can be illustrated: 

25 using an organic solvent such as toluene or 

(2) A method Wherein a trialkylaluminum is reacted with a salt containing water of crystalliration. for exanele 
cupnc sultate hydrate, aluminum sulfate hydrate, etc.. example. 



so 



35 



40 



45 



SO 



ss 



(3) A method wherein a triaHqrlaluminum is reacted with silica gel invregnated with water 
W A mettwd wherein trimethylaluminum is mixed with trPsobutylaluminum and the mixture is reacted directly with 
water, usmg an organic solvem such as toluene or ether. ^ 

SLii!I[!*S^'*"!il!^ «f«sobutylaluminum and the mixture is reacted with a salt 

^ crystallization, for example, cupric sulfate hydrate or aluminum suHSte hydrate, and 

SrtrSilSmrnJ'm" ""^ ^ ^ ^ ««*uty.^un.num. and 

S«fhv.!lSm t!!^'^*™^^^ ""^""^ ^ t'ialkytaluminums such 

m!„!^^!S. T' <"«*y»alum.num, tnsopropylaluminum. triisobutylaluminum and tri-n-butylaluminum: dialkylalu- 

^S^. .22 ; ^ ^"Vlaluninum sesquihalides such as methylaluminum sesquichlorlde. ethylalumSim 

mjnandtriBObutylalumw^ also possible to use at least l of these organoaluminum conpoundstogST^ 
J!^"^ " suppons which are a grarular or spherical particulate soHd havhn a Dertide 

diameter of 1 -500 pm. preferably 5-300 Mm are used as the conpound (D) naving a particle 

STlli^Jl^t^ri Morepartfcularly. illustrative 

are. for exampte^aOg. AI2O3. MgO. ZrOj. TOg and a mixture of these oxides. Among these oxid^ a carrier contair^ 
as a m«n mgrediem at least one selected from the group consisting of SiOa. AlgOs and l^teO is ^eSSi 

chemical dehydrating method using, for example. SiCU. chtorosilane. etc. may be employed. Above all illustrativeof the 

SiCVMgO. aOa-TlCJ^. SiOa-AI^Os-MgO. etc. Among these, carrier chiefly containing SIO, or Al^e l^lS- 

lOMZl Further, examples of the finely particulate organic carrier include finely particulate organic Ddvmeis for 
«cample, finely particulate polyolef in such as polyethylene, potypropylene. poly-1 -Sene. SS^MJ^^-HSeS 
and finely particulate pofymeis such as polystyrene. .anapoiy.*-meinyn.pentene 

SJtLrfi Jl?.*??!! *® ^'^^"^ conprised predominantly of the conpound (A) 

compounds (A). (B) and (D) and the compound (C) which is prefe«t>ly added separately to reaction system at the tin! 
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of polymerization as scavenger. 

[0044] The aforesaid supported-type catalyst component can be obtained by reacting the conpound (A) with the 
compound (B) preferably in the presence of the compound (D). Usually. hydrocarbon-soiuWe metailocene conpound 
and aluminoxane are converted into a desired supported catalyst by allowing them to deposit on a dehydrated support. 

5 [0045] The order of adding the metailocene compound and the aluminoxane may freely be changed. For exanple. 
the metailocene compound dissolved in an adequate hydrocarbon solvent can initially be added to the support and 
thereafter the aluminoxane can be added thereto. Alternatively, the aiuminQxane and the metailocene conpound are 
previously reacted together and then added to the support at the same time. It is also possible to add the aluninoxane 
initially to the support and then add the metailocene compound thereta The temperature of the reaction is usually -20- 

?o ioo*»C. preferably 0-100»C while the time required for the reaction is usually at least 0.1 minute, preferably within the 
range of 1-200 minutes. The supported catalyst can be used at need after preliminary polymerization with a small 
amoum of an olefin. 

[0046] Examples of an olefin used for the preliminary polymerization include ethylene, propylene. 1 Hxrtene. 1 -hex- 
ene. 3-methyl-l -butene, 4-methyl-l -pentene. etc. At least two of these monomers may be copolymerized. 
75 [0047] The supported-type catalyst thus prepared is used for polymerization or copolymerization of prcpylaie pref- 
erably together with the organoaluminum compound (C) employed as scavenger. 

[0048] A known conventional polymerization process for polymers or copolymers of propylene Is applicable to a 
process for producing polymers or copolymers of propylene. Thus, a variety of polymerization processes can be 
employed such as a slun-y polymerization process wherein propylene is polymerized or copolymerized in an inert sol- 

20 vent, for example, an aliphatic hydrocaibon such as butane, pentane, heaane. heptane or i&ooctane; an alicydic hydro- 
carbon such as cyctopentane. cyclohexane or methylcyclohexane; an aromatic hydrocarbon such as toluene, xylene or 
ethylbenzene; gasoline fractions or a hydrogenated diesel oil, a bulk polymerization process wherein propylene mono- 
mer per se Is used as a solvent a vapor phase polymerization process wherein polymerization of propylene is carried 
out in a vapor phase, a solution polymerization process wherein the resultant polymer or copolymer of propylene 

25 famed by polymerization is liquid, or a polymerization process wherein at least two of these polymerization processes 
are combined. 

[0049] A polymerization condition similar to that used for polymerization or copolymerization of olefins by the aid of 
a known Ziegler catalyst system can be adopted, which includes a polymerization temperature of 50-150*C, preferably 
50-1 00°C. a polymerization pressure of atmospheric pressure to 7 MPa. preferably 0.2-5 MPa. and a polymerization 
30 time of usually from one minute to 20 hours. In addition, regulation of the molecular weight of the obtained polymers or 
copolymers of propylene is attained by suitably selecting the above polymerization condition or by introducing a molec- 
ular weight regulator such as hydrogen into the reaction system. 

[0050] After completion of the copolymerization. a known conventional catalyst deactivation treatment a step for 
eliminating catalyst rescues, a drying step and the like after-treatment are earned out to obtain the propylene copoly- 
35 meraimedat 

[0051] An intrinsic viscosity [n] of the propylene copolymer of the present invention measured in tetralin at ISS'^C 
was 0.2-10 dl/g. 

[0052] In the propylene copolymer of the present invention obtained as above, a relation: 
log(MS) > -1 .28xlog(MFR) + 0.44 exists between melt strength (MS) at 230X and melt flow index (MFR) measured 

<o at 230<*C under a toad of 21 .18N. 

[0053] In this case, the melt strength (MS) at 230'C was measured using a melt tension tester Type 2 (manufac- 
tured by Tcyo SeiW Mfg. Ca Ltd.) by heating an olefin polymer or copolymer composition at 230*»C in the apparatus, 
extruding the molten olefin polymer or coplymer composition into the air through a nozzle having a diameter of 2.095 
mm to forni a strand and measuring tension (in terms of cfsl) of the strand of polypropylene conpositton taken up at a 

45 velocity of 3. 14 nVmin. 

[0054] The propylene copolymer of the present invention has a ratio of a mis-Inserted unit based on 2.1-insertion 
of propylene mononrier in the total propylene insertion being 0.05-1.0%. 

[0055] The ratio of a mis-inserted uiit based on the 2.1 -insertion was obtained by utilizing ^^C-NMR with reference 
to Polymer 30, 1350 (1989). 

so [0056] As described in Japanese Laid-open Patent Appln. No. Hei. 7-138327 and Japanese UW-open Patent 
Appln. No. Hei. 8-92317. a content of an coxJiene can be obtained by calculation utilizing ^^C-NMR or by cafoulatton 
of a difference between the number of moles of the diene monomer sipplied at the time of polymerization and the 
number of moles of unreacted diene nmnomer at the time of finishing the polymerization. 

[0057] The propylene copolymers of the present invention may be incorporated with various additives such as anti- 
55 oxklants. UV-absorbing agents, antistatic agents, nucleating agents, lubricating agents, incomb u st ib le agents, anti- 
blocking agents, coloring agents, inorganic or organic fillers, or with various synthetic resins so tar as the object of the 
present Invention is not damaged. Usually, the copolymers are subjected to heating follovved by melt-kneading and then 
to cutting to form peUetized chips tor manufacturing various nx)kjings. 
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2?^L P'®®*"' ""^ be illustrated in more detail by way of Exarrples and Conpaiative Exarrvles 

21'm'^^r^T^e^''L^^^^ 

(Urrt^l^.^ by way Of a melt tension tester Type 2 (manufactured by KK Teyo SeiM Seisakusho) 

DSC7 type Differential Scanning Calorimeter (manufactured by PerWn-Elmer). tt,e metl- 

^,^1^::,^ l^'^^T^^^ minutes and again heated at a rate of 20»C/min. wtiereby a tem- 

perature showing a peak of melting was deterrrtned as melting point 

^ ^'^^ Calorimeter (manufactured by Pertdn- 

SeTsooS l^l'S^^ ^'^^'^ temperature up to 230-C at a heat-elevation 

2i at « CAI! ^ temperatue (or 10 minutes, then depressed in temperature down to - 

20 C at a rate of .20»£Vmin.. n»ima.ned at the same temperature for 10 minutes and again heated up to 230«C at 
l^Z^TlS^n''^ °* - ^tbe same temperature lor 10 minutes, dep^^ in^e.^- 

perature down to 150-C at a rate of -80-C/min.. and further depressed in terrpemture at a Se rtl-cS 

:s;^^:^;^^s:s;:t^s''^^^^™"'^^«^^ 

**'*!*^ ^' ^" and Mw/IWIn were measured by calculation based on the result of 

SfnSr^r *«»*«*°9™P^V (GPC) according to the following methods: Using an o^ichtorobenzenTS" 
PSKS"S,H?°hX^:i"2r^^ Of 0.05% by weigh, and using a mixed polystyrL gel colum?S?S:,S"e. 
PSKgel QMHS-m marketed by Toso K.K.). the measurement was carried out at 135«C. As the measuring appara 
tus was used, for example. QPC-150 (manufactured by waters Corp) easuringappara 
."^T*' ^" ^""^ of 1 00 pans by weight was incorporated wfth 0. 1 part by weight 
^^rL^lT^^ ^ ° ' ^ "^^"^ ^^'^^ mixture was mett-loiadL in an 

T^TITZ ifT' ^^r'''^""^^ ""^ P"^^ P«"«^ «" propylene 

mer. Heat stability of the copolymer was measured as foUows: TTie resultant pellets were melt-toeaded inthe 

^n^^'^*^'' a,- penalized further two «mes. and thereafter the melt flow rateTMF^TtS^ 

tSiS^™ *° '^■■^210. Condition 14 in Table 1 thereof. A drtTe?^ 

TTI '"^^ P®"^ and MFR of the finally obtained pellets was cak:ulated (MFR of 

«ief 1^ pellets mmus MFR of the inltiai pellets. I.e. AMFR). Ttie smaller !he dWererL (/^FRt^tSS STheS 

45 (Example 1> 

[Preparation of supported-type catalysQ 

SISL " ^ ''een replaced with were placed 0.39 g (0.889 mmole) of 

dichfJaraTisT 

nm^ofrothyl^minoxanedriutedwi* 
To this reartonrnocture was added 10 g of silica (marketed 

hjnen^s stirredfor 10 ntinutes. While making the flask vacuum from the to^ of the corteiner a ve^bwTe^m ^ 

l^kthe air in which fwd been replaced with were placed the resultant solid catalyst and 250 ml of isooentane and 
to effect preliminary polymenzaton. The stpernatant liquid was then removed by decar«ati« and the !Sfue^ 
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washed four times with 1000 ml of isopentane by decantation. The residue was dried in vacuo for 2 hours at room tem- 
perature to prepare 35 g of a supported-type catalyst. 

[Production of propylene copolymer] 

5 

[0060] In a 1 5 liter autoclave the air in which had fUly been replaced with nitrogen were placed 1 2 mmole of triethy- 
laiuminum. 2 g (14,5 mmole) of 1 .9-decadiene and 8 liters of liquefied propylene, and the mixture was stirred for 1 0 min- 
utes while elevating temperature to SO^'C. A siun^y of the supported-type catalyst in an amount of 2.18 g prepared as 
above in hexane was introduced under pressure into the autoclave while washing it with 2 liters of liquefied propylene 
10 to initiate polymerization, and the polymerization reaction was earned out for 2 hours at 50''C. The resultant powder was 
1 .8 kg. On analysis of the copolymer of propylene and 1 .9KJecadiene thus obtained revealed that a melting point was 
155.8*»C. a crystallizing temperature was 1 14.8**C. a content of 1 .9-decadiene was 0.01% by weight, a ratio of a mis- 
inserted unit based on 2.1 -insertion of propylene monomer in the total propylene insertion was 0.4%. and a melt 
strength was 0.6 cN. Further, an MFR was 9.5 g/10 min. an Mw/Mn was 2.5 and a bulk density was 0.43 g/ml. 

IS 

[Evaluation of Heat stability] 

[0061] The initial pellets have an MFR of 9.5 g/10 min while the final pellets have an MFR of 9.7 g/10 min. As a 
result AMFR was 0.2, thus showing excellent heat stability. 

so 

<Example2> 

[Production of propylene copolymer] 

25 [0062] In a 1 5 liter autoclave the air in which had f Jly been replaced with nitrogen were placed 1 2 mmole of triethy- 
laluminum. 2 g (14.5 mmoie) of 1 .9-decadiene and 8 liters of liquefied propylene, and the mixture was stirred for 10 min- 
utes while elevating temperature to SO^C. A slurry of the supported-type catalyst in an amount of 2.1 g prepared as in 
Example 1 in hexane was introduced under pressure into the autoclave while washing it with 2 liters of liquefied propyl- 
ene to initiate polymerization, and the polymerization reaction was carried out for 2 hours at SO^'C. The resultant powder 

30 was 1 .9 kg. On analysis of the copolymer of propylene and 1 .9-decadiene thus obtained revealed that a melting point 
was Ise.e^'C. a crystallizing temperature was 1 14.9"C. a content of 1. 9-decadiene was 0.02% by weight a ratio of a 
mis-inserted unit based on 2.1 -insertion of propylene monomer in the total propylene insertion was 0.4%. and a melt 
strength was 7.5 cN. Further, an MFR was 1.0 g/10 min. an Mw/Mn was 2.6 and a bulk density was 0.43 g/riil. 

35 ( Comparative Exanplel) 

[Preparation of supported-type catalyst] 

[00631 A supported-type catalyst was prepared as in Example 1 except that dimethylsilylene-bis(2-methyl-4.&ben- 
40 zoindenyl)ziroonium dichloride was used as metallocene in place of dimethylsilylene(2,3.5-trimethylcyclopentadi- 
enyO(2'.4*.5 -trimethytcyclopemadienyl)zlrconium dichlorkle. 

[Production of propylene copolymer] 

45 [0064] In a 15 liter autoclave the air in which has fully been replaced with nitrogen were placed 12 mmole of triethy- 
laluminum. 2 g (14.5 mmoie) of 1 .9-decadiene and 8 liters of liquefied propylene, and the mixture was stined for 10 min- 
utes while elevating temperature to 50''C. The supported-type catalyst in an amount of 2.0 g prepared as above in a 
hexane slun'y was introduced under pressure into the autoclave while washing it with 2 liters of liquefied propylene to 
initiate polymerization and the polymerization reaction was carried out for 2 hours at 50"C. The resultant powder was 

50 2.0 kg. On analysis of the copolymer of propylene and 1 .9-decadiene thus obtained revealed that a melting point was 
144.2*'C. a crystallizing temperature was 106.7^0. a content of 1 .9-decadiene was 0.01% by weight, a ratio of a mis- 
inserted unit based on 2.1 -insertion of propylene monomer in the total propylene insertion was 1.6%. and a melt 
strength was 5.9 cN. Further, an MFR was 1.1 g/10 min. an Mw/Mn was 2.7 and a bulk density was 0.40 g/ml. 

55 
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< Comparative Exanple 2 ) 
[PrcxJuction of propylene copolymer] 

5 [0065] in a 15 liter autoclave the air in which had fully been replaced with nitrogen were placed 8 liters of liquefied 
propylene and the temperature was elevated up to StfC while stirring. A slunry of the supported-type catalyst in an 
amount of 2.3 g prepared as in Example 1 in hexane was introduced under pressure into the autoclave while washing 
it with 2 liters of liquefied propylene to initiate polymerization arxj the polymerization reaction was carried out for 2 hours 
at SO'^C. The resultant powder was 0.6 Kg. A melt strength of the propylene polymer thus obtained was 0.2 cN. Further. 

10 an MFR was 9.6 g/1 0 min. an Mw/Mn was 2.4 and a bulk density was 0.40 Q/ml 

[0066] As is evident from comparison of Examples with Comparative Examples, it is noted that products excellent 
in physical properties such as melt strength, molecular weight, etc. are not obtained in the case wherein a supported* 
type catalyst other than the specific metallocene corrpound is used at a polymerization temperature above 45'*C. 

IS industrial Utiiizabllitv 

[0067] According to the present invention, propylene copolymers of excellent particulate properties and heat stabil- 
ity wherein a percentage of mis-insertion in polymers is highly controlled, a molecular weight distribution is nan-ow. a 
melt strength is high while an MFR is low. are obtained by the aid of a specific metallocene catalyst system at a practical 
so polymerization temperature. 

Claims 

1 . Propylene copolymers comprised predominantly of a random copolymer of propylene and an a.co-diene and having 
25 a melting point of 147-160^0. a ratio of a mis-inserted unK t>ased on 2.1-insertion of propylene monomer in the total 

propylene insertion being 0.05-1 .0%. a content of the aco-diene being 0.01-2% by weight and an Mw/Mn t)etng 
1.5-3.8. 

2. Propylene copolymers according to claim 1 . wherein a nnelting point is 1 52-1 SO^'C. 

30 

3. Propylene copolymers comprised predominantly of a random copolymer of propylene and 0.1-15% by weight of 
ethylene and/or an a-olef in having at least 4 cartoon atoms and having melting point of 1 00-1 60**0, a ratio of a mis- 
Inserted unit based on 2,1-insertion of propylene monomer in the total propylene insertion being 0.05-1 .0%, a con- 
tent of an a.aHdiene being 0.01 -2% by weight, and an Mw/Mn being 1 .5-3.8, which has been obtained by conduct- 

35 ing oopolymerization of propylene and ethylene and/or an a-oiefin having at least 4 cart)on atoms. 

4. Propylene-based block copolymers having a ratio of a nus-inserted unit based on 2,1 -insertion of propylene mon- 
omer in the total propylene insertion being 0.05-1.0%, and a content of an cuco-dlene being 0.01-2% by weight, 
which are comprised of a propylene homopolymer or a propylene random copolymer containing 0.1-15% by weight 

40 Of ethylene and/or an a-olef in with at least 4 cartx)n atoms as a first stage polymerization prxluct, and a propylene 
random copolymer as a rubbery component containing 30-80% by weight of ethylene and/or an a-olefin with at 
least 4 cartx}n atoms as a successive second stage polymerization product, a proportkxi of the second stage 
polymerization product being 5-70% by weight arvj an a.aKliene having l^een random oopolymerized at the first 
stage and/or the second stage polymerization. 

45 

5. Propylene copolymers according to claim 2 or 3. wherein the a-olefin is at least one selected from the group con- 
sisting of 1-butene. 1-hexene and 1-octene. 

6. Propylene copolymers according to any one of the claims 1 -4, wherein the a.c>-diene is at least one selected from 
BO the group consisting of 1 ,5-hexadiene. 1 ,7-octadiene and 1 ,9-decadiene. 

7. Propylene copolymers according to any one of the claims 1 -4, wherein the a,oKliene is 1 ,9-decadiene. 

8. Propylene copolymers according to any one of the claims 1 -6. wherein the content of the a.oHjiene is from 0.01% 
SB by weight 10 not nrx>re than 0.05% by weight. 

9. A process for producing the propylene copolymers of any one of the claims 1 -8. which conprises conducting the 
polymerization at a temperature above 45^C t)y the aid of a catalyst system comprised predominantly of the follow- 
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ing compounds (A). (B). (C) and (D): 

the cbmpound (A) being a transition metal conrpound of the general formula: 

Q (C5H4.n,RU (C5H4.nR2n) MXY 

wherein (C5H4.„R^ J and (C5H4.nR^n) each stand for a sut)stituted cyclopentadienyl group, m and n each stands 
for an integer of 1 -3. and R^ may be the same or different and each stands tor a hydrocartx)n group with 1 -20 
cartx)n atoms, a silicon-containing hydrocarbon group, with the proviso that the site and kind of R^ and R^ on the 
cydopentadienyi rings should take a configuration where any symmetrical plane containing M is absent and that 
R^ or r2 is exfetent in at least one carbon atom adjacent to the caibon atom connected to Q in at least one 
cydopentadienyi ring. Q stands for a bivalent hydrocart>on radical, unsubstituted silylene radical or a hydrocaitx)n- 
substituted silylene radical bridging the groups (C5H4.^R^ J and (CghV^RSj, m stands for a transition metal Ti. Zr 
or Hf. and X and Y may be the same or different and each stands for a hydrogen atom, a halogen atom or a hydro- 
carbon group, 

the compound (B) being an atuminoxane. 

the conrpound (C) t)eing an organoaluminum compound, and 

the compound (D) being a finely particulate carrier. 

20 10. A process for produdng propylene copolymers according to daim 9 , wherein the conpound (A) is dimethylsi- 
lylene(2,3.5-trimelhylcydopentadienyl){2\4\5".trimethylcydopentadie^^ dichloride or dimethyisi- 

Iylene{2.3.5-trimethylcydopentadleny0(2\4\5'-trimethylcydopentadi^^ 

11 . A process for produdng propylene copolymers according to claim 9 or 10. wherein the copolymers are produced 
25 by a vapor phase polymerization process. 
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